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AB - PURPOSE:To calculate maximum and minimum values in the parallel computer which consciously 
handles not only maximum and minimum values but also the value of an index to obtain the same 
result as a sequential computer. 
- CONSTITUTION: Values of array elements as objects are compared with each other; and if they are 
equal to each other, index values are compared with each other, and the smaller index value is taken. 
That is, stages LI to L9 where portions in charge of respective parts are individually calculated and a 
tournament processing is called and tournament processings (function global) L10 to L14 are equal to 
conventional procedure, but processings L 29 to L30 executed in the case of equal inputs in functions 
to be subjected to maximum value comparison are different from conventional procedure. The 
minimum value is obtained in the same manner Another way to take the larger index value in the 
case of equal inputs can be easily selected. This method is easily transformed that a parameter 
designates which of the larger index value and the smaller index value should be taken in the case of 
equal input values. 
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[Claim(s)] 

[Claim 1] They are the maximum and the minimum value operation method characterized by 
comparing an index value when those values are equal, and taking an index value with the 
smaller value in the operation which calculates the maximum of an array element or the 
minimum value^ and the index value that shows the position of the array element by the 
tournament method in a parallel computer while comparing the value of the target array 
element. 

[Claim 2] The maximum and the minimum value operation method according to claim 1 
characterized by comparing an index value and taking an index value with the larger value. 
[Claim 3] The maximum and the minimum value operation method according to claim 1 or 2 
characterized by comparing an index vaiue and determining whether to take an index value 
with the larger value, or take the index value of the smaller one with the parameter deJBned 
beforehand. 

[Claim 4] the case of a multidimensional array ~ an index array element value — 
REKISHDCO — the claim 1 characterized by comparing with graphical order, or the 
maximvun and the minimum value operation method according to claim 3. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The operation which asks for the index which shows the position of 
the maximum of an array element or the minimum value, and its element in numerical 
calculation is often used, 

[0002] There is a parallel computer as one of the computers for a high-speed operation, this 
invention relates to the method of calculating the maximum and the minimmn value which 
used the parallel computer. 
[0003] 

[Description of the Prior Art] The tournament method is learned as a method of calculating 
maximum or the minimum value at high speed using a parallel computer. In a parallel 
computer, the target nimierical group (array element) is distributed to each processor, 
maximum (minimum value) is calculated, respectively, and the maximum (minimum value) 
between the maximums (minimum value) which after each processor has is calculated. . 
Naturally as for the stage of calculating the maximum (minimum value) of a value to which 
each processor was distributed, respectively, processing is performed in parallel. A 
toumament method is taken in order that even the stage of calculating the maximum 
. (minimimi value) between [ whole ] the maximums (minimum value) in each subsequent 
processor may operate two or more processors in parallel as much as possible. 
[0004] Drawing 3 is composition explanatory drawing of a parallel computer. Many 
processor elements PE are put in order in parallel, and the meantime is combined in Network 
n. Drawing is the example which combined the processor element (it is described as a 
processor below) of 8x8 in the two-dimensional anchor ring network. Drawing 4 is drawing 
showing the concept of the operation of a toumament method performed in such a parallel 
computer, each processor (the value which it has) — every two — a group carrying out ~ 
one processor — one value — from other processors — transmitting — I have you — those — 
more ~ size ~ a value (or — more — smallness — a value) is calculated The operation .. is 
repeated and, finally it obtains as maximum (or minimum value) by making every tv^'o of the 
results into a group again, and making one value into a solution. In drawing 4 (A), a processor 
0, 1, 2, 3 and 4, 5, 6 and 7, and ... become a group to the 1st time, processors 1, 3, 5, and 7 
arid ... send data to processors 0, 2, 4, and 6 and and it calculates there, respectively (** 
shows), next, a processor 0, and 2, 4, 6 and ... a group ~ becoming — processors 2 and 6 ... 



processors 0 and 4 - data are sent to ... and it calculates there, respectively (** shows) Next, 
processors 0 and 4 and ... become a group, ..: (** shows) is repeated, and, finally the 
maximum as an end result is obtained by the processor 0. 

rOOOSl The example program which described the above tournament processmg as a function 
by false C to drawing 4 (B) is shown. At this example, the number of processors is 2n It is an 
individual and is Variable pid. Number respectively peculiar to a processor (equipment item 
number) It shall be set up. Each processor is myData and mylndex about the value set as the 
object of tournament processing, and its index. When it sets up and this program is 
performed, resnectivelv, finally it is pid=0. myData and mylndex of a processor of watch A 
result is obtained. In addition, send is a fimction which transmits a message, and me^zna ana 
the 3rd argument are sent to the processor shown by the isi argument, ana reev is a .^ncaon 
which receives a message and receives the message sent to itself by send. An operation 
fimction is aportion which calls the fimction of operations, such as "comparison of 
maximum", and "comparison of the minimum value." ^ • , v, 

[0006] When performing a maximum operation etc.. a processor makes the index which 
shows the position on the aixay of the element accompany an element, and treats it. That is 2 
sets of elements are compared and the index value is made to accompany with the value of a 
result Therefore, the index value which accompanies with the value of the dnection 
(direction which won) which remained as a result of comparison also remains undefeated, and 
the maximum (or minimum value) which finally remained, and tiie index value which 
accompanies it are acquired as a solution. The processor which is which position of an array 
of the maximum (or minimum value), or had it by this understands either, and serves as an 
index for a subsequent operation. . • r u-^u 

[00071 By the way, when two values to compare are equal, he is seldom conscious of which 
value is taken as an index value. If maximum or the minimum value is right, the index value 

itself is because [ 2 **-]. , , • 

[00081 A mold maximum program and the conventional maxunum calculatioii prograin are 
serially shown in drawing 2 . The serial type program of (A) investigates the element of Array 
a from 1 to N, and it is the program from which acquire the biggest value to x and it acquires 
the index value at that time as a result to i, and is serially written to computers. 
[0009] (B) writes the same processing to parallel computers. First, it asks for maximuin mid 
its index about the element of a which it takes charge of within each processor (LI -L8). Next, 
the fimction global (L9) which performs tournament processing is called, and it asks tor the 
fiirther greatest thing in the maximum which each processor calculated, and its index, the 
variable which Function global is shown in drawing 4 (B), and the 1st argument x gives the 
data for comparison here, the variable which the 2nd argument i gives the index value, and 
the 3rd the variable which returns as a result the maximum (minimum value) of x to which 
each processor set argument &x, and 4th argument &i are variables returned as an index 
which accompanies it All processors perform this. ■ u u ■ a 

fOOlOl The value of x from which a mold and a parallel connected type are senally obtained 
as a result is always the same. However, the values i of the index at that time may differ. It is 
the case where two or more what have x [ the same ] which each processor sets up as the first 
argument of Function global exists. By the program of a mold, the smallest thmg of an mdex 
value is serially adopted as an end result by the property of conditional branching shown m 
L3 of drawing 2 (A). On the other hand, in the program of a parallel connected type, since the 
parallel processing by the tournament method is performing size eompanson between 
processors, it is not guaranteed depending on how to assign the element to a processor that 
the thing of the smallest index value is adopted. Consequently, a different result may be 
obtained when the program written to be also a basis to sequential processing is changed to 



parallel computers by such method. Moreover, since the data assigned to each processor 
change when the parallelized program is performed with the composition of the different 
number of processors, results may differ. 
[0011] 

[Problem(s) to be Solved by the Livention] When the program developed for [ usual ] serial 
computers is parallelized to parallel computers, an index value may differ from the result 
serially obtained by the computer. Moreover, when the number of processors differs in a 
parallel computer, the index values of a result may differ. Thereby, final results may differ 
delicately. Such a situation makes difficult the judgment of whether the program is operating 
correctly or to have parallehzed correctly. That is, there is a problem of the compatibility of a 

icSult. 

[0012] this invention aims at realizing the maximum and the minimum value operation 
method in the parallel computer which enabled it to obtain the completely same result as a 
mold serially by he being conscious of it and dealing with maximum/not only minimum value 
but the value of an index. 
[0013] 

[Means for Solving the Problem] Drawing 1 shows the program of the example of this 
invention. Drawing L20-L35 Fvmction which compares shown maximum L29-L32 Processing 
which was [ like ] conscious of the size relation of an index value is performed. 
[0014] While invention indicated to the claim 1 compares the value of the target array 
element in the operation which calculates the maximum of an array element or the minimum 
value, and the index value that shows the position of the array element by the toumament 
method, when those values are equal, an index value is compared, and an index value with 
the smaller value is taken. 

[0015] 111 the aforementioned operation, it is the case which was indicated to the claim 2 
where compare an index value and an index value with the larger value is taken. In the 
operation of firont 2 term, it is the case which was indicated to the claim 3 where the 
parameter defined beforehand determines whether an index value with the larger value is 
taken by comparing an index value, or the index value of the smaller one is taken. 
[0016] When the candidate for an operation is a multidimensional array, an index serves as 
one-dimensional array with the number of elements of the number of dimension of the 
multidimensional array for an operation, respectively, it indicated to the claim 4 — as — case 
the comparison value for an operation is equal — those index array element values ~ 
REKUSHIKO ~ graphical (it is also called a lexical order) ~ it solves by comparing 
[0017] 

[Function] By making it indicate to a claim 1 or 2, even if the number of the processor of a 
parallel computer changes, it can guarantee that a result is always the same. 
[0018] When parallelizing a sequential program by making it indicate to a claim 3, how to 
take an index value by the criteria of the loop of a basis can be used properly. For example, 
what is necessary is just to set up in the example of drawing 2 (A), so that the one where an 
index value is smaller may be taken since a criteria is if (a[j] <= x) goto LI 00;. Temporarily, 
if the criteria is if (aQ] < x) goto LlOO;, it should just set up so that the one where an index 
value is larger may be taken. It can respond by the oak from which it carries out also in the 
above example, and the loop has become descending order, and setting up so that the one 
where an index value is larger, and the smaller one may be taken conversely, respectively. 
[0019] since an index serves as one-dimensional array when making a multidimensional array 
applicable to an operation — the comparison — REKUSHIKO — it is the same if the point 
performed graphically is removed When calculating maximum and a minimum value 
operation by the parallel computer by doing in this way, an index value can be set to a 



meaning. Therefore, the compatibility of the result which is not depended on the number of 
processoiB and the compatibiliry of a serial type result can be guaranteed. 

[Ex^ple] Hereafter, the example of this invention is explained with reference to a drawing. 
Drawing 1 shows the sub routine which calculates maximum as one example of this 
invention. When the value of an input is equal, it is the example which takes the one where an 
index value is smaller. . j. „ a n 

r0021] LI -L9 are a stage until it calculates a taken charge part mdividually and calls 
tnumament orocessing, and L10-LI4. The tournament processing (function global) itself is 
the same as the former. The processing shown in L29-L32 in the function which compares 
maximum when an input is equal is the important section of me method ox this invention. 
[0022] When calculating the minimum value, it cannot be overemphasized that what is 
necessary is just to make it the same. When the value of an input is equal, it can also make it 
easy to take the one where an index value is larger. Moreover, when the value of an input is 
equal, it cannot be overemphasized that the deformation which takes the one where an index 
value'is larger, takes small law, or is specified with a parameter is also easy. 
[0023] The arrays for an operation may be not Only one dimension but many dimensions, m 
this case -- since an index also serves as an array - the arrays of an index - REKISHIKO -- a 
size relation is judged as compared with graphical order 

[0024] In addition, an array element does not need to be a numeric value and may be a 
character string, this case - REKISHIKO -- what is necessary is just to judge a size relation 
as compared with graphical order 

[0025] . , , , 

[Effect of the hivention] As explained above, when the operation which calculates maximum 
and the minimum value is parallelized according to this invention, the compatibility of a 
solution with a mold program can be guaranteed serially. Moreover, when performing the 
parallelized program, it can guarantee tiiat it is not based on flie number of processors and a 
solution always does not change. Such a property is important when guaranteeing that the 
parallelized program did not spoil tiie meaning of tiie program of a basis, but was changed 
correctly. 
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far ( i-tei^-mJ j<= J0^^-tFfi; j- ) I 



LlOO: 



g]ofaalCx.i.Sx,£0: 

« J oba 1 (myDa t a. mi' Index. &«yOata, &ny I ndex) \ 
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if CA;^3l> Aij2> { 

r else ifCA^fJl <A:?12) 

»<;0'cb:^= A:* 2 ; _ ^ „ 

} else < 
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\ else I - , 
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x=0 ; 
for C j-l: j<-N*: j^O t 

i = j: 
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for C j=Si4Tm; i<= S^i^ilB: i*' > * 

if C <= » ^ 8"^** 

i = j: 
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global (myData, my Index, SmyData. &n>'Index) { 

sendFlag=0; 
forCi^O; i<n; i++> { 
if(sendFlag==0) { 

'^^endSid© l^vTg^ Ofig^rnxfcT^nT-fe-y-lD. myData, my Index); 
sendFlag-1 ; 

} else { A pidO ik:'-> hg==0 */ 
recv(&rcvData,&rcv Index); « f 

if^^t>[ (myData rcvData, mylndex. rcvlndex, &outDaia, Sout inaex; , 

myData=outI)ata; 
mvInex=outIndex; / 

} 

} 

} 



1. 

2. 
3. 
4. 
5. 
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myData, inylndex{i^^*t^i>^X^x-^^;t'>^J2; 
^*^M{ipid=0 CD-:/D-tr-9-®niyData. mylndexli^^o 
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